Background {#Sec1}
==========

Third molar removal surgery (TMS) is the most frequently performed surgery in the oral and maxillofacial field \[[@CR1]\]. There is a wide range of items in the quantification of post-operative complications \[[@CR2]\], which can appear in up to 75% of cases \[[@CR3]\]. This great variability is due to the various factors: inconsistency in the diagnostic criteria and assessment methods used in the different studies, variation in surgical technique, the surgeon's ability and experience, patient variability and the absence of valid and reliable measurement instruments to record objective and subjective postoperative complication variables \[[@CR4]--[@CR7]\].

Many measurement instruments in health lack a systematic report of their psychometric properties. It is recommended that at least two types of reliability, a content validity, construct validity or a criterion be presented in their publication \[[@CR8]\]. An assessment scale of surgical complications in TMS was designed in 2014. It has three components and eight items (Table [1](#Tab1){ref-type="table"}) and generates a construct that quantifies the degree of severity of postoperative complications in TMS \[[@CR9]\]. The validity and reliability proprieties of this scale must be analyzed in order to contribute a new instrument that facilitates its clinical use and benefits the rapid classification of clinical status.Table 1Sociodemographic characteristics of the study participantsHospitalItemSantiago (*n* = 20)Valdivia (*n* = 25)Talcahuano (*n* = 17)Age in yearsMean (SD)24.7 (9.9)17.7 (4.3)20.2 (4.2)Female111411Level educationPrimary452Secondary111515Technical021Professional232SmokerNone122017\<  5 per day3435--10 per day110IllnessNone172314Hypertension223Hypothyroidism100

The aim of this study was to determine the validity and reliability of the previously designed scale in the clinical quantification of postoperative complications in patients who have had a TMS.

Methods {#Sec2}
=======

A cross-sectional study with a measurement model was used. The psychometric properties of the previously designed instrument were assessed \[[@CR9]\], estimating the validity of the scale according to its construct, criterion, discriminant validity and reliability by calculating the internal consistency, reproducibility and ease of interpretation of the results \[[@CR10]\].

Patients and observers {#Sec3}
----------------------

Sixty-two patients (36 women) from three Chilean hospitals (Hospital de la Base de Valdivia in Valdivia city, Hospital Higueras in Talcahuano city and the Hospital San Borja Arriarán in Santiago of Chile) with an average age of 20.5 ± 6.6 years were selected between April and October 2014 (Table [1](#Tab1){ref-type="table"}). The number of patients was based on the scale design recommendations, including 10 respondents per item of the final scale \[[@CR10]\]. The selection criteria were patients with an indication of TMS, ASA I, lucid when the informed consent was signed and who had completed the follow-up and postoperative check. Patients with a history of pericoronitis a month prior to surgery, treatment with antibiotics, steroidal or non-steroidal anti-inflammatories, allergies to derivatives of penicillin or corticosteroids, or who were pregnant were excluded.

In light of potential sources of bias according to the variability of surgical techniques and subjective evaluation that could be encountered during the evaluation of postoperative complications in TMS, maxillofacial surgeons (MFS) with more than 15 years of experience and working full-time in health centers were selected. In turn, observations of the postoperative complications were made by surgical residents with more than 5 years in maxillofacial surgery programs. Thus, seven MFS (53.7 ± 4.3 years of age with 23.6 ± 7.2 years of experience) and 12 surgical residents (28.8 ± 6.1 years of age and 5.21 ± 5.5 years of training) were observers randomized into two groups who applied the scale to the postoperative check-ups scheduled for the 7th day after TMS.

Use of the scale {#Sec4}
----------------

Each item of the previously designed scale with three components and eight items was assigned a measurement range from 0 to 10 according to what was recorded in previous reports \[[@CR7], [@CR10]--[@CR13]\] and qualitative classifications provided by a group of experts who blended the operational definitions; therefore, the structure design (measurement model) is the stage prior to the present report \[[@CR9]\] (Table [2](#Tab2){ref-type="table"}).Table 2Scale design and range of postoperative complications applied in checks of patients after third molar surgeryCategoryItemClinical pictureScoresSecondary complicationInflammationNone1Mild (intraoral and surgical area)3Moderate (intraoral and extraoral)5Severe (intraoral, extraoral and other regions of the head)10ErythemaNone1Intraoral2Intraoral and extraoral3EdemaNone1Intraoral3Intraoral and extraoral5PainHow much pain does the patient feel at this moment?0 to 10TrismusCan the patient open his mouth without limitations?0 to 5Soft tissue infectionAbscessAbsent1Present5SuppurationAbsent1Present when tissue is compressed5Present spontaneously10Hard tissue infectionAlveolar osteitisAbsent1Present10

In each hospital, the principal investigator (PCA) explained the instructions of both the TMS protocol as well as the use of the scale. The MFS agreed to hold the surgical technique according to the diagnosis and third molar position \[[@CR14]\]. Before all extractions, patients were given standard postoperative instructions. Initially, extraoral antisepsis was performed with 2% chlorhexidine gluconate and intraoral antisepsis with 0.12% chlorhexidine gluconate mouthwash for one minute. Anesthesia was done by a standard inferior alveolar nerve block and buccal blocks with lidocaine 1:100,000 (Xylonor 2%, Septodont®). A triangular mucoperiosteal flap was designed with an incision from the anterior border of the mandibular ramus to the distal surface of the distobuccal cusp of the mandibular second molar with a relieving vertical incision. Buccal osteotomy and tooth sectioning were carried out when necessary with a round bur under copious irrigation with 0.9% sterile saline, following the extraction performed. The flap was closed with interrupted 4--0 silk suture for the primary closure. After surgery, the following postoperative medication was prescribed: an antibiotic of amoxicillin 500 mg every eight hours for 5 days and 400 mg ibuprofen sodium taken orally every eight hours for pain relief.

For each patient, the MFS recorded the age (years), gender (male/female) and degree of surgical complexity (use of forceps/osteotomy/osteotomy and odontosection). On the 7th day of postoperative monitoring, a MFS and a surgical resident made independent postoperative assessments on the patients after verbal and written instructions regarding application of the scale. Both evaluated the presence of each clinical status according to the categories and items on the scale and assigned a score (Table [2](#Tab2){ref-type="table"}). In addition, each wrote down his diagnostic impression of the clinical status, indicating the level of severity and clinical diagnosis (Table [3](#Tab3){ref-type="table"}). This variability of visual inspections between the two observers (MFS or surgical resident) is recommended for the possibility of discrimination between different sorting options complications postsurgical the final scale \[[@CR15]\].Table 3Level of severity recorded by the observers in the postoperative examination of patients after third molar surgeryType of complicationDefinitionNo complicationNo functional limitation or discomfortMildInvolvement of surgical woundModerateInvolvement of surgical wound and deep regionsSevereInvolvement of wound, deep regions and general condition

Data analysis {#Sec5}
-------------

A confirmatory factor analysis was performed by a second researcher (HM) to confirm the model of the previously designed scale \[[@CR9]\]. This required 3 analytical stages:

### Identification of outlier responses {#Sec6}

In the matrix of collected data, outliers were identified and eliminated. These had been generated by tabulation errors or confirmed according to random distortion, such as reduced covariances and the correlations between the items on the scale \[[@CR16]\].

### Assessment of the scale model {#Sec7}

A maximum likelihood confirmatory factor analysis (CFA) by means of a structural equations analysis was performed using the proposed measurement model evaluated with chi-square index (χ2). The linear structural relations model (LISREL) was used, considering a homogeneous structural matrix of the scale with indexes that make it possible to evaluate different aspects of the hypothesized model and its fit to the data: the goodness of fit index (GFI) measures the relative amount of variance explained by the model, an adjusted goodness of fit index (AGFI) is an indicator of the adjusted model, a non-normed fit index (NNFI) is an indicator of the relative model, the comparative fit index (CFI) indicates the degree of adjustment of the model and the parsimony goodness of fit index (PNFI) are an acceptable adjustment indicator model when their indexes exceeded a χ2 of 0.9 value and with root mean square error of approximation (RMSEA) values below 0.06 as the level of the total amount of error in the designed model \[[@CR17]\].

Convergent validity was obtained from the statistical significance of the non-standardized critical saturation ratios of the items in each component, also considering a correlation greater than 0.5 as adequate \[[@CR18]\]. Discriminant validity used the difference between the variance extracted for each component and the correlation with the square between the confirmed factors when the 95% confidence interval of the correlation between the two sub-scales did not hold the constant 1.0 \[[@CR19]\]. Reliability was composed of the items using the proportion of the square of the sum of the standardized factor loadings over the total variance of the saturations, considering Cronbach's alpha greater than 0.6 suitable in the design of new scales \[[@CR20]\].

Interobserver reliability was calculated using the intraclass correlation coefficient (ICC) according to the sum of the scores obtained for each component on the scale recorded by the two observers, considering an ICC greater than or equal to 0.7 as the ideal value \[[@CR18]\].

### Score calculation of degrees of severity of postoperative complications in third molar surgery {#Sec8}

The cut-off point for the degrees of postoperative complications severity after TMS was calculated by comparing the scores obtained from the scale with the degree of severity of complications recorded by the MFS or surgical resident (Table [3](#Tab3){ref-type="table"}) using hierarchical segmentation analysis (classification and regression trees, CART) \[[@CR21]\]. The method used determined cut-off scores, which, according to the severity of the complication, presented statistically significant differences via nonparametric tests (Kruskal-Wallis test and Dunn's Method; *p* \< 0.05).

The age of the patients, the MFS and the surgical resident, the number of third molars extracted and their degree of complexity as well as the scores on the scale were analyzed with descriptive statistics using percentages and measures of central tendency. The CFA was performed with SPSS v. 17 (SPSS Inc. Chicago, USA), CART with JMP v.8 and the structural equations model with LISREL v. 8.8 (Scientific Software International. Illinois, USA).

Ethical considerations {#Sec9}
----------------------

The patients, surgeons and residents in the study participated voluntarily, after signing an informed consent. Both the study design and the work with patients were approved by the Bioethics and Research Committee of the Faculty of Medicine at the Universidad Austral de Chile (N° 2014/11/03).

Results {#Sec10}
=======

During the period of study a total of 254 patients were attended for TMS in three Chilean hospitals, of which only 62 were selected according to the selection criteria and recording of complete data. Of these, the total number of third molars extracted was 104. The most frequently extracted teeth were the right mandibular third molar (40.3%) and right maxillary third molar (27.8%). Consistent with the degree of complexity, in 40.3% of the cases an osteotomy and odontosection were performed.

Nine patients (14.5%) had complications, classified according to the degree of severity: seven patients had a "mild complication" (five patients with alveolar osteitis and two with submucosal abscess) and two a "moderate complication" (both patients with subcutaneous abscess with alveolar osteitis and purulence). There were no cases of "severe complication". In this evaluation, both group observers coincided in all cases with the classification provided in the degree of severity scale (Table [3](#Tab3){ref-type="table"}).

The position indicators of the scores measured by each group of observers and the correlations of the eight proposed items appear in Table [4](#Tab4){ref-type="table"}. In the calculation of the goodness-of-fit of the scale model, those items that showed no statistical significance ("trismus", "erythema" and "suppuration") were eliminated. Then, the model proposed grouping five items into two components. With these data, the structural equations model achieved a high degree of fit with a χ2 value of 0.53 and a RMSEA of 0.0001.Table 4Scores by observer. Significance of the saturations and criteria selection by convergent validity of the scale itemsObserver 1Observer 2Factor loadings of items in instrumentItemMedianMinMaxMedianMinMaxStandardized loadings*p* valueInflammation2153170.608\< 0.01\*Erythema1121120.3070.033Edema1151150.768\< 0.01\*Pain00100090.862\< 0.01\*Trismus405115−0.0320.818Abscess1151150.793\< 0.01\*Suppuration111011100.3760.012Alveolar osteitis111011100.664\< 0.01\*\*Standardized loadings \> 0.6 and *p* \< 0.01 for selected items

The items "inflammation", "edema" and "pain" were grouped into the first component; its standardized values are described with a composite Cronbach's alpha of 0.79, an extracted variance of 56% and ICC interobserver reliability of 84.9%. The items "abscess" and "trismus" were grouped into the second component, their standardized values being described with a composite Cronbach's alpha of 0.71, an extracted variance of 55% and ICC interobserver reliability of 87.9%, obtaining a final scale with a Cronbach's alpha internal consistency of 0.71 and a discriminant validity of 0.50 (Table [5](#Tab5){ref-type="table"}).Table 5Grouping of the items in the scale components, their factor loadings (Cronbach's alpha), internal consistency, indexes of reliability, convergent and discriminant validity obtained by means of the exploratory factor analysisComponentsComposite AlphaExtracted varianceInterobserver Reliability^a^ItemStand^b^Var. ErrorFactor loading^c^Convergent validity^d^Discriminant validityComponent 10.790.5684.9Inflammation0.590.650.594.640.50Edema0.740.450.746.11Pain0.890.210.816.68Component 20.710.5587.9Abscess0.710.490.785.24Alveolar osteitis0.780.390.785.74^a^Intraclass correlation \> 80%^b^For selecting the item, the stand must be greater than the extracted variance of each component^c^Cronbach's alpha \> 0.7^d^Factor loading with statistical significance student's t \> 1.96

The model tested the data collected from empirical measures to determine the degree to which the data fit the model (Fit Index values \> 0.9) \[[@CR17]\] (Table [6](#Tab6){ref-type="table"}). Therefore, the goodness-of-fit demonstrates the quality of the new scale model to replicate the results.Table 6The goodness-of-fit indexes according the hypothesized factorial modelχ2pdfχ2/dfGFIRMSEANFINNFICFIPNFI3.150.5340.780.980.00010.971.01610.261χ2: chi-square, *p*: *p*-value, *df*: degrees of freedom, *GFI*: goodness of fit index, *RMSEA*: root mean square error of approximation, *NFI*: normed fit index, *NNFI*: non-normed fit index, *CFI*: comparative fix index, *AGFI*: adjusted goodness-of-fit index, *NFI*: normed fit index, *PNFI*: parsimony goodness of fit index

Finally, the matrix obtained was able to discriminate the degree of severity through the sum of the scores on the scale used in three categories: "without or mild complication" (4--13 points), "moderate complication" (14--18 points) and "severe complication" (19--40 points). Only the category "without complications or mild complications" presented a statistically significant difference from the other two categories (*p* \< 0.05) (Table [7](#Tab7){ref-type="table"}).Table 7Surgical Complication Assessment Scale in Third Molar Surgery (SCATM)CategoryItemDescriptionScoreSecondary complicationInflammationNone1Mild (intraoral and surgical area)3Moderate (intraoral and extraoral)5Severe (intraoral, extraoral and other regions of the head)10EdemaNone1Intraoral3Intraoral and extraoral5PainVisual Analogue scale: How much pain does the patient feel?0 to 10InfectionAbscessAbsent1Present5Alveolar osteitisAbsent1Present10Total4 to 40WITHOUT OR MILD COMPLICATION4--13MODERATE COMPLICATION14--18SEVERE COMPLICATION19--40

Discussion {#Sec11}
==========

A measurement instrument capable of recording and classifying the postoperative complications associated with TMS is presented. The scale stemming from the preliminary design \[[@CR9]\] required a systematic search of the literature, selection of the suitable items in the opinion of experts meeting at the International Conference of Oral and Maxillofacial Surgeons (ICOMS 2011) and use of an exploratory factor analysis of the data.

On the items and components of the scale {#Sec12}
----------------------------------------

The first component named as "secondary complication" includes the intrinsic signs and symptoms resulting from an injury inherent to the hard and soft tissues in TMS, which vary depending on the characteristics of the patient and the surgery \[[@CR1], [@CR7], [@CR22], [@CR23]\]^.^ The second component, called "infection", incorporates the semiological elements of an active infectious process that could aggravate the general condition in the presence of alveolar osteitis, considering the presence of microorganisms in the surgical wound \[[@CR24], [@CR25]\] associated with risk factors relevant to each patient such as the previous appearance of alveolar osteitis and poor oral hygiene \[[@CR11]\].

On the validity and reliability of the scale {#Sec13}
--------------------------------------------

The measurement model of the confirmatory factor analysis detected the items with the greatest validity and reliability on the scale with a percentage of explained variance and Cronbach's alpha internal consistency of ≥0.70 \[[@CR18], [@CR20]\]. ICC reliability showed there was agreement about both constructs. Also, it was seen that the cut-offs were 13 and 18 points, which was consistent with the clinical diagnosis.

The data determined a highly homogenous structural matrix. The goodness-of-fit indicated a high degree of similarity between the information reproduced by the instrument and the diagnoses made by the observers. Additionally, the significance of χ2 corroborated that there were no statistically significant differences between the measurements obtained by the instrument and the diagnoses evaluated by MFS and surgical residents (Table [6](#Tab6){ref-type="table"}). The hierarchical segmentation determined the correlation between the postoperative complication severity scores and the types of complications diagnosed by the observers. This exercise enabled the creation of an instrument from a theoretically significant and statistically acceptable model, affording the clinical researcher clarity in the classification of postoperative complications from TMS based on the total point score of the scale \[[@CR19]\].

Despite the low complication rate reported here (14.5%), the confirmatory factor analysis and the structural equations model managed to clearly discriminate the complication levels proposed by the scale. The CART algorithm method used on this scale detected the optimal number of groups and their composition solely on the basis of the similarity between cases according to the scores obtained from the scale with the degree of severity of complications recorded by expert observers. These data contributed to discerning the complication rate, since it has been verified that the degree of inclusion in the bone, the presence of a pre-existing infection and pathology related to the position of the third molar are associated with the increased risk of complications in TMS \[[@CR23], [@CR26]\]. The purpose of this classification is so the clinician and oral surgeons can distinguish the levels of postoperative complications in cases similar to those observed by the experts, who described cases of alveolar osteitis, submucosal abscess as a "mild complication" and cases of subcutaneous abscess with purulent alveolar osteitis as a "moderate complication". Although there were no cases of severe complications, in cases with an infectious involvement in other deep anatomical regions of the head or the airway, a higher score would be recorded, classified as a "severe complication". The recording and evaluation of signs and symptoms enables a physical registry of the patients' postoperative evaluation to be taken clearly, providing adequate patient care and an objective defense for surgeons to possibly prevent or defend against a negligence lawsuit in the event of an adverse outcome in a case of infection or major complication \[[@CR27]\].

The limitation of this study was the variability of patients, surgeons and observers, which may cause measurement bias in the results section. Furthermore, the greatest difficulty was obtaining an adequate number of patients in each hospital who voluntarily participated in the study due to the high demand for care and the time required by the MFS and surgical trainee to complete the study protocol.

However, variability was controlled by taking the years of experience of the MFS, a single surgical protocol agreement \[[@CR14]\] and the patient selection criteria into account. According to the aim of our study, the variability of the observations contributed to a greater variance of numerical data, allowing the scale to discriminate the level of complexity \[[@CR15]\]. Despite the low rate of reported complications (14.5%), bias may be associated with the use in the use of this new instrument. However, the RMSEA value estimates the overall amount of error in this model, and here the value indicates an adequate fit of the model, which demonstrates the predictive capacity of the instrument. The score achieved in cases of complications was set according to the clinical diagnosis assigned by the experts. In addition, our results confirmed a new instrument with an appropriate internal consistency, reliability, convergent and discriminant validity (Table [4](#Tab4){ref-type="table"}).

Conclusions {#Sec14}
===========

In conclusion, a new measurement scale named "Surgical complication assessment scale in TMS" (SCATMS) is proposed for describing and quantifying the level of postoperative complications in TMS into none or mild, moderate and severe applied to patients in conditions similar to the sample used in our study. We propose future investigations to complement the instrument validation process in terms of its predictive value (predictive validity) and its behavior over time (test-retest). Additionally, the level of severity proposed will be analyzed with other populations or conditions and this instruments will be compared to more sensitive and specific instruments (e.g. biological markers) for infectious and inflammatory clinical status in the field of oral and maxillofacial surgery.
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